Building a world-class scientific community requires first-class ingredients at many different levels: funding, training, management, international collaborations, creativity, ethics, and an understanding of research integrity practices. All over the world, addressing these practices has been high on the science policy agenda of major research systems. Universities have a central role in fostering a culture of research integrity, which has posed additional challenges for faculty, students and administrators -but also opportunities. In Brazil, the leading universities and governmental funding agencies are collaborating on this project, but much remains to be done.
INTRODUCTION
In its 2011 report "Knowledge, Networks and Nations", The Royal Society (2011) provided an overview of the scientific landscape for the 21 st century, particularly for global scientific collaborations. This report describes growing participation of emerging scientific powers such as Brazil in international research networks, and attributes this growth in part to increasing expenditures in Research and Development (R&D). The report shows Brazil's ambitious goal of spending 2.5% of GDP (Gross Domestic Product) on R&D by 2022, up from less than 1.5% in 2007. This goal for investment in R&D is similar to that of rising powers, such as China, for 2020. As stated in a recent economic survey by the Organization for Economic Cooperation and Development (OECD 2013) , "Brazil has moved up the ranks SONIA M.R. VASCONCELOS et al. of the world's largest economies while achieving much more inclusive growth than in the past." In terms of research productivity measured by scientific articles published annually, Brazil ranks 15 th (SJR 1996 (SJR -2013 , according to the indicators compiled by SCImago Journal & Country Rank from the Scopus ® database. Brazil accounts for almost 3% of global scientific output, which represents more than 60% of the science produced in Latin America (Van Noorden 2014a) . This figure is particularly relevant for the visibility of Brazilian science and is partially explained by GDP investments in R&D. However, compared to the OECD countries, for example, research outputs for Brazil (including articles published in top-tier scientific journals as well as patents/ trademarks) are still low (OECD 2012) .
In fact, while the country has made considerable progress in contributing to world science in the last decades, it still faces important challenges. Among these are increasing the number of researchers in scientific and technological fields, reducing bureaucracy for purchasing equipment and reagents, making adjustments to regulatory law, and strengthening the internationalization of its national research system (Krieger 2014) . Concerning the latter, Brazil has much room to improve. As Adams (2012) has recently shown, for China, India, South Korea and Brazil, 75% of the research output arises from domestic collaborations. Compared to Argentina, for example, Brazil has established fewer international partnerships, as can be noted for publications in the 1996-2013 period (SJR 1996 (SJR -2013 .
Today, the internationalization of science is highly desirable, and it is expected that the growing gap between solely national versus international collaborative research "will influence each nation's ability to draw on the global knowledge base" (Adams 2012 (Adams , 2013 From a global perspective, The Montreal Statement on Research Integrity (2013) expresses the view that incentives to international collaborations in research should be accompanied by the development of initiatives to identify barriers that may compromise the quality of collaborative endeavors. According to Subra Suresh, former president of the National Science Foundation (NSF), "the most fundamental barriers to bilateral and multilateral international collaborations are disparate standards for scientific merit review and differences in the infrastructures that ensure professional ethics and scientific integrity." (Suresh 2011) . Notions of integrity in research seem to have a particular impact on collaborations between emerging and established scientific powers (NAS 2010) . In an increasingly diverse, collaborative research network, different ethical criteria for conducting research projects on humans and animals, for sharing authorship in scientific papers and for handling allegations of research misconduct, for example, may be sources of conflict (Anderson and Steneck 2010 , NAS 2010 , The Montreal Statement 2013 . As already pointed out elsewhere, ensuring harmonious interactions among scientists from different research systems does not seem to be a trivial task when it comes to issues in research ethics and integrity (Anderson and Steneck 2010, Vasconcelos et al. 2012) . BUILDING A CULTURE OF RESEARCH INTEGRITY In this context, Brazil has demonstrated growing awareness of research integrity and its implications for international collaborations. Although its universities are still young and the internationalization of its research needs to be reinforced, the country has taken an emerging role in international initiatives toward the topic. Brazil, for example, has a seat on the Governing Board of the Global Research Council (GRC), established in 2012. Conversations at the GRC were driven in part by need for harmonization of policies on merit review and research integrity for projects among global research funders and other scientific organizations supporting research. With a steady contribution to the GRC, the Brazilian National Council for Scientific and Technological Development (CNPq) has staked out a role for Brazil as a player in global discussions on research integrity and funding. In 2013, the country was selected to host the next World Conference on Research Integrity (4 th WCRI 2015), the major international forum addressing the topic, traditionally encompassing contributions from more than 50 countries. But these are only part of the country's engagement in conversations about research integrity.
In this report, we thus provide an overview of where Brazil fits into these international conversations and where it stands in terms of local efforts to foster a culture of RI/RCR. We also look at some of the challenges facing developing institutional initiatives in the country. Overall, we offer a panorama of Brazil´s contribution to research integrity policies on the local and international scenes.
BRAZILIAN INITIATIVES TO ADDRESS RESEARCH

INTEGRITY -COMBINED EFFORTS
Historically, initiatives to address research integrity have been driven by a number of factors, which include gradual changes in the dynamics of doing, publishing, and funding research, in the public perception of science, and in science policy (Jaroff 1991) . Particularly in the last two decades, the research landscape in terms of funding, accountability for research results and their social impact has reflected growing interactions between science and society (Kreutzberg 2004 , Velho 2011 , Schacht 2012 . In this context, research misconduct has attracted attention not only from the scientific community but from policymakers and from the public itself (Jaroff 1991 , Dingell 1993 , Kreutzberg 2004 .
Currently, it is not clear whether the growing number of research misconduct cases in the last decades is the result of an increase in this practice or of better detection systems (Fang et al. 2012) , but attention to this ethical problem is going global. Today, institutional mechanisms to handle research misconduct allegations are expected to be part of the approach to research integrity for all research systems ( Curiously, awareness of RI/RCR appears to be taken for granted by most scientists, irrespective of nationality. This idea is aligned with Kreutzberg´s (2004) observation that "science and scientists have been entrusted to set up their own rules, based on trust, respect and the welfare of society" and that "when scientists hear about scientific fraud, they quickly denounce the culprits as not being 'true' scientists. The true scientist, they argue, is only interested in unveiling step by step the countless enigmas of nature". This feeling may partially explain the slow pace of research integrity educational policies for different systems and cultures, including Brazil. We suspect that, for Brazil, this educational lag time means that RI/ RCR discussions will take some time to evolve into widespread educational policies at the country's universities. On the other hand, we should consider that the challenge associated with building a culture of research integrity for any country may be tougher than we expect. Senior and early-career researchers alike are expected to engage in RI/ RCR training initiatives, but generally speaking, researchers do not feel naturally prepared to teach research integrity systematically to their students. As a matter of fact, senior and junior researchers alike need to become more familiar with emerging ethical issues that may affect the way both groups propose, conduct, communicate and review science.
In Brazil, only a few initiatives devoted to RI/RCR education have been developed at the graduate level. One of these was the credit course focusing on RCR implemented in 2007 at the Military Institute for Engineering (IME) in Rio de Janeiro (IME, Ética na Pesquisa Científica e Tecnológica 2012). To our knowledge, this was the first RCR course in Brazil to address specific issues on research integrity and specifically designed for science and technology graduate students. In 2011, a course devoted to RCR was implemented at the Institute of Biophysics Carlos Chagas Filho at the Federal University of Rio de Janeiro (IBCCF/ UFRJ), entitled "Ethics and Integrity in Scientific A few Brazilian universities have combined courses on the scientific method with topics on RI/ RCR, which may turn out to be a useful strategy. One of the more recent initiatives of this type is found at the Alberto Luiz Coimbra Institute for Graduate Studies and Research in Engineering (COPPE/ UFRJ). With an 8-hour course entitled "Scientific Methodology and Research Ethics" (Planeta Coppe 2012), COPPE launched an extramural initiative to discuss the relationship between these two topics and their importance in research developed at the university. Now in its fourth edition, this course has reached an audience of about 150 participants per year, which includes undergraduate and graduate students, besides professors and others interested in the topic, from any institution or background. This initiative has brought up issues concerning the communication of science and publication ethics for an audience that extends well beyond novice and experienced academics. Since 2013, all classes have been freely available through TV COPPE.
In 2014, the Faculty of Medicine of Ribeirão Preto of the University of São Paulo (USP) (FMRP-USP 2014), initiated a course for undergraduate students in Biomedical Sciences to discuss emerging issues in research ethics and integrity. Recently, we have learned that a novel approach to RI/RCR has been launched by the Pontifical Catholic University of Rio Grande do Sul (PUCRS 2014) in the form of a training program aimed at undergraduate students doing "scientific initiation" research projects. The program includes an e-book on research ethics and integrity written by professors from different fields and is mainly designed for undergraduates. Seminars and other activities on RI/RCR are now held regularly at PUCRS.
In Brazil, these efforts are aligned with the creation of the Brazilian Meeting on Research Integrity and Publication Ethics (BRISPE), in 2010. The I BRISPE (2010) was the result of a postdoctoral research project on RI/RCR at UFRJ developed by one of the authors (SMRV), which was supported Funding was modest and audiences were small, but most listeners heard for the first time an international perspective on the history of RCR, on the work done by an international association of journal editors (Committee on Publication Ethics, COPE) and on academic plagiarism, including software tools for detecting copy-paste. A fledgling network began to form, focused on RI/RCR.
The II BRISPE (2012) was a more ambitious event, with 14 international contributors out of a total of 30. Speakers from abroad travelled from UFRJ and the Oswaldo Cruz Foundation (FIOCRUZ) in Rio de Janeiro to USP in São Paulo, and finally, on day 4, to PUCRS, in Porto Alegre. New topics on the agenda included conflicts of interest, copyrights and patents, biodiversity and biopiracy, and strategies for maintaining successful collaborations across national borders. The question of training programs at universities and research institutes was the subject of one session. An important contribution on plagiarism in high schools underlined the difficulty in obtaining quantitative data on this topic, and at COPPE, a two-day course on scientific writing and publication ethics attracted young professors as well as graduate students. With an audience of approximately 550 overall, it was evident that there was real progress toward the goal of raising awareness of research integrity in Brazil. 2011, 2012, 2014) . The responses to these allegations have, in some instances, been energetic, as described in this article on a case at the University of São Paulo (Takahashi 2011):"The President´s office has determined the dismissal of a full-time faculty member with more than 15 years at USP, on reaching the conclusion that he was responsible for a publication that plagiarized publications of other investigators."
In a news item published in Gazeta do Povo of Londrina (PR) in 2012 (Czelusniak 2012), one reads "Universities Take Up Arms Against Plagiarism": "Universities are redoubling their efforts to inhibit the practice of plagiarism in monographs, dissertations and theses − a practice that sullies the image of both the investigator and the institution for accepting work that is not original.
Among the sanctions that may be applied when copying is proven are retraction of the work and suspension or expulsion of the student. In addition, the student may be hauled into court for violating copyright laws."
The article goes on to describe an "anti-plagiarism squad" in one university where a group applies various tools to identify plagiarism in monographs, theses and dissertations at that institution. Increasingly, in an attempt to tackle plagiarism, one of the most sensitive issues in RI/RCR, universities have used plagiarism detection software, and this is especially true for institutions in established scientific powers . While these initiatives demonstrate institutional concern over the impact of plagiarism on the intellectual production of universities, their credibility as centers of excellence producing quality knowledge and human resources is also at stake. Yet, dealing with problems of academic integrity at the university has called for broad approaches to education and pedagogy (Howard 2007 , Power 2009 , Bretag 2013 . One of the issues on plagiarism among students, for example, is that while detection software may reduce this practice (Davis and Carroll 2009), the use of this tool alone is not sufficient to eliminate the practice at universities. It has been demonstrated that adopting educational and preventive measures rather than using deterrents and penalties may be more effective to tackle the problem (Dee and Jacob 2010) .
BUILDING A CULTURE OF RESEARCH INTEGRITY
All over the world, many universities have taken this educational challenge seriously. In the US, for example, which has an established tradition of integrity policies at the university level, the Council of Graduate Schools (CGS) plays an important role in stimulating best practices among American universities and colleges. The CGS "is committed to advancing the scope and quality of graduate education in the ethical and responsible conduct of research. Since 2003, CGS has worked with members to develop promising practices in RCR and research ethics education for graduate students" (CGSa -Best Practices). The Council has made important contributions to advancing approaches to integrity in academic research in science and engineering, for example, through partnerships with the US Office of Research Integrity (CGSb -The Project for Scholarly Integrity).
In Europe, there is quite a diverse scene when it comes to research integrity policies at institutions. The League of European Research Universities (LERU) has attempted to catalyze efforts directed toward research integrity in a number of universities (Löfström 2014, Clavey 2014). The UK has advanced at a steady pace towards the implementation of research integrity policies in its research systems, and UK universities have been encouraged to be pro-active in educational actions. The Universities UK Concordat to Support Research Integrity (The Concordat to Support Research Integrity 2012) seems to reflect, in part, these actions. The Concordat places the university within a complex (and real) research environment with different stakeholders that are equally responsible for sustaining integrity in all research endeavors.
In Brazil, we have a long road ahead of us in this area, and Brazilian universities will need to experiment with different approaches to RI/ RCR among faculty, staff and students. At present, although CNPq and especially FAPESP have made efforts to draw Brazil's research community into the circle, very few universities have taken up the challenge to act (Marques 2014). We need to accelerate this process, as it is mostly at the university where authors and investigators are trained, and it is mostly at the university where they carry out the research that will be presented to peers and, eventually, to the public. These institutions are responsible not only for parceling out the workspace, but also for setting up the rules of the game, investing in academic inquiry into ethical conduct and learning to manage factors that prevent or promote responsible conduct in research. The university is expected to implement concrete policies for good practices that can be revisited from time to time, as new knowledge and new questions in research are posed to the university community and to society.
At the beginning of this report, we cited Kreutzberg's view (2004) of scientists´ idea of honesty. Aligned with this idea, one of the difficulties that an institution must face is that a substantial number of its members equate integrity in research with honesty. On this assumption, being honest would ensure that a person behaves with integrity. In principle, we should be able to count on this virtue in academia, but research institutions cannot rely solely on virtues, as they may be challenged by different kinds of incentives in the current research environment. Therefore, elaborating, implementing, and evaluating the effectiveness of appropriate policies to address the responsible conduct of research activities are expected to be part of the agenda of the university. The problem of academic dishonesty also requires much closer attention than it currently receives in most university settings.
This was the spirit that motivated the creation of the Advisory Council for Research Ethics (CTEP; http://www.ctep.ufrj.br/) at UFRJ. With the encouragement of the Provost for Graduate Studies and Research, this group arose from a small nucleus of faculty and administrators associated with graduate programs, mostly in the health sciences, SONIA M.R. VASCONCELOS et al. but from other areas as well, such as engineering and the humanities. Between August 2012 and July 2013, when the Council formally started its activities, it elected to embrace 6 topics in research ethics and integrity: research on human subjects, research on animals, research using biodiversity and traditional knowledge associated with genetic resources, biosafety and biosecurity, and RI/ RCR. This led to the creation of 6 subcommittees, with around 30 people committed to working on educational measures to address the 6 topics.
The idea behind CTEP was to create a unit combining the expertise of UFRJ in several research areas so that its different subcommittees could provide advice for the UFRJ community concerning ethical issues arising in planning, funding and conducting research, collaborating with peers, caring for the environment, recording and communicating results and evaluating project proposals. This Advisory Council, in the university hierarchy, is constituted as a collegiate body with the mission to provide consultation, information, education and proposals for action or policies related to the 6 topics (Foguel 2014). The Council is directly subordinate to the office of the Provost for Graduate Studies and Research, and responds to the Provost, who presides over it. In addition to specialists in each area, CTEP includes representatives of pre-existing regulatory bodies, which are distributed throughout different university research centers and are responsible for assessing research proposals, mostly for ethics and compliance with federal regulations: Research Ethics Committee (CEP), Animal Ethics Committee (CEUA), Biosafety Commission and the Innovation Agency.
CTEP also interacts with graduate programs in an effort to stimulate a critical stance at all levels of the research endeavor and ethical considerations related to knowledge generated by such endeavor. When it comes to RI/RCR, the Advisory Council expects to foster a research climate in which research ethics and integrity have a real place in decisions on many aspects of the research activities conducted at the university. This expectation has recently been expressed in the Guidelines for Academic Integrity (http://cpro16197. publiccloud.com.br/~ctep/diretrizes/Diretrizes%20 Integridade%20Academica_versao%2026%2009. pdf). These guidelines were available online for 6 weeks for members of the UFRJ community to have their say on the document before making it official. One of the goals of this phase was to trigger discussions, for example, on authorship issues and conflict of interests in different kinds of collaborative endeavors in the UFRJ academic community, irrespective of field.
CONCLUSIONS
As we have shown, Brazil is beginning to recognize that research integrity and related concerns have an important role to play in the country's panorama of research, science education, funding, and policy. Evidence that the Brazilian research system has made research integrity issues an important asset for its development and quality can be found in the level of involvement among Brazilian funding agencies and many scientific organizations in the proposal for Brazil to host the 4 th WCRI. This proposal was supported by CNPq, FAPESP, FAPERJ and the Coordination for the Advancement of Higher Education Personnel (CAPES), the Brazilian Society for the Advancement of Science (SBPC) and the Brazilian Academy of Sciences (ABC), among many others.
What we expect to see now is marked participation of universities and many other research institutions, organizations and groups represented at this world event in Rio, in 2015. The outcome of this world conference for Brazil is expected to be broader recognition in the country that research governance and integrity are closely related, and therefore, identifying ways to strengthen this relationship should be among the priorities of the agenda of the Brazilian research BUILDING A CULTURE OF RESEARCH INTEGRITY system. As we have argued, research integrity has shaped institutional policies for major research systems all over the world and has had a strategic role in fostering accountability and public trust in the science produced by these systems. Universities are at the core of these policies, particularly in developed countries that collaborate with Brazil. This current landscape has shown gradual changes in perceptions of the responsible conduct of research among research institutions, authors and funders. Although established scientific powers have taken the lead in objective actions to deal with these changes, emerging countries such as Brazil have played an increasing role in research integrity conversations. But this engagement should be a non-stop process, as the long-term success of initiatives that have been taken in Brazil will depend on all of those participating in the country's research chain. This is a challenge that all Brazilian faculty and thesis advisors should embrace.
Perhaps CNPq and CAPES could call for all grantees and graduate programs to design and implement new tools for promoting education in the responsible conduct of research among junior researchers (including students doing "scientific initiation"). This action would probably enrich all kinds of strategies aimed at boosting the quality, visibility and excellence of the research produced in Brazil. As pointed out by Angel Gurría (2013), OECD Secretary-General, "Brazil is adop ting best practices in several areas but the best of Brazil is yet to come".
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